We demonstrate that electric dipole moments (EDMs) strongly constrain possible SUSY contributions to the CP asymmetries of B processes; LL and/or RR flavour mixings between second and third generations are severely restricted by the experimental limit on the mercury EDM, and so therefore are their possible contributions to the CP asymmetries of B → φK and B → η ′ K. We find that SUSY models with dominant LR and RL mixing through non-universal A-terms is the only way to accommodate the apparent deviation of CP asymmetries from those expected in the Standard Model without conflicting with the EDM bounds or with any other experimental results.
Introduction
The most recent results of BaBar and Belle collaborations [1] on the mixing-induced asymmetries of B → φK and B → η ′ K indicate possible deviation from the Standard Model (SM) expectations. The Belle experimental values of these asymmetries are given by S φK = 0.06 ± 0.33 ± 0.09,
S η ′ K = 0.65 ± 0.18 ± 0.04.
The BaBar experimental values are S φK = 0.50 ± 0.25
S η ′ K = 0.27 ± 0.14 ± 0.03.
Comparison with the world average CP asymmetry S J/ψK = 0.726 ± 0.03 shows that the average CP asymmetry of all b → s penguin modes from the Belle results is 0.43
+0.12
−0.11 , 1 which is 2.4σ away from the SM result, and from the BaBar result is 0.42 ± 0.10, a 2.7σ deviation.
Supersymmetry (SUSY) is one of the most popular candidates for physics beyond the SM, and a natural place to look for explanations of such deviation. Indeed in SUSY models there are many new sources of CP violation besides the CKM phase. However stringent constraints on these phases are usually obtained from the experimental bounds on the electric dipole moment (EDM) of the neutron, electron and mercury atom. Because of this it is it a challenge for SUSY models to give a new source of CP violation that can explain the possible discrepancy between CP asymmetry measurements and the expected SM results, whilst at the same time avoiding the overproduction of EDMs.
It is known [2] [3] [4] that SUSY models with a large squark mixing and order one phase between the second and third generations can accommodate the CP asymmetry results via gluino exchange. The squark mixings can be classified, according to the chiralities of their quark superpartners, into left-handed or right-handed (L or R) squark mixing. The left-handed mixings for the down-squark are given by the mass insertions (δ d LL ) ij and (δ d LR ) ij , and the right-handed mixings by (δ d RL ) ij and (δ d RR ) ij . It is remarkable that in order simultaneously to satisfy the measurements of S φK and S η ′ K and explain the deviation between them, both left-and right-handed contributions have to be involved. This is because the left-and right-handed contributions have an opposite sign due to the different parity in the final states of B → φK and B → η ′ K [4] . In this paper we argue that a large flavour mixing between the second and third generation via (δ This paper is organized as follows. In section 2 we introduce the supersymmetric contributions to the strange quark EDM which could be enhanced by large mixing between the second and third generation and leads to a large Hg EDM. Section 3 is devoted to imposing the EDM constraints on the SUSY phases in a model independent analysis, and the impact of these constraints on the SUSY contribution to the CP asymmetries of B → φK and B → η ′ K. In section 4 we give numerical results and show correlations among the Hg EDM and the CP asymmetries of B-decays. Our conclusions are given in section 5.
Supersymmetric contributions to strange quark EDM
As mentioned in the introduction, SUSY models have several possible sources of CP violation in addition to the CKM phase. These CP phases can have important implications 2 for CP violating phenomenology. In particular they can induce large EDMs of quarks and leptons at the one-loop level that far exceed the experimental limits, and stringent constraints on SUSY CP phases are found [5] . The most recent measurements for the neutron (d n ) and mercury (d Hg ) EDMs lead to the following limits:
The neutron EDM receives contributions of different sources and the predicted value in any particular model depends quite strongly on the particular model of the neutron used for the calculation. Because of this it is worth briefly summarizing the calculation. The major contributions to the EDMs come from electric and chromoelectric dipole operators and the Weinberg three-gluon operator:
In order to evaluate the neutron EDM, one needs to make some assumptions about the internal structure of the neutron. The models can be classified as follows;
1-The chiral quark model
In this model the neutron EDM is related to the EDMs of the valence quarks;
The quark EDMs are given by
where the QCD correction factors are given by η E = 1.53, η C ≃ η G ≃ 3.4 and where Λ ≃ 1.19 GeV is the chiral symmetry breaking scale.
2-The parton quark model
Here one assumes that the quark contributions to neutron EDM are weighted by the factor ∆ q defined as n| 1 2q γ µ γ 5 q|n = ∆ q S µ , where S µ is the neutron spin;
where the individual quark contributions are given in terms of the gluino, chargiono and neutralino contributions
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The following values for ∆ q are usually used: ∆ d = 0.746, ∆ d = −0.508, and ∆ s = −0.226. The main difference between the parton quark model and the chiral quark model is the large strange quark contribution in parton model. Also in this model, the relevant contribution is only due to the electric EDM of the quarks in contrast with the chiral quark model where the chromoelectric and three-gluon operators contribute as well.
3-QCD sum rules
The QCD sum rules analysis of ref. [6] leads to the following relation between the neutron EDM and the electric EDMs and chromoelectric EDMs of u and d quarks:
where the value of quark vacuum condensate= (225GeV) 3 has been used. It can be seen from the above equation that the QCD sum rules cannot incorporate the effect of the strange quark in the neutron EDM.
4-The Chiral Lagrangian approach
In ref. [7] , the chiral lagrangian approach was adopted to try to incorporate the strange quark chromoelectric EDM contribution to the neutron EDM. This analysis leads to the following result for the neutron EDM in terms of the quark chromoelectric EDM:
Passing to the mercury atom EDM, the major contribution here comes from T -odd nuclear forces in π 0 and η couplings to the nucleus, which is generated by the chromoelectric EDMs of the constituent quarks. The resulting EDM of the mercury atom is given by ref. [8] as
Although the coefficient for the d C s is much smaller than the coefficients of the chromoelectric EDM of the down and up quarks, this contribution is still important since d C s itself is enhanced by the heavy strange quark mass and by the relatively large mixing in the second generation. Recently the mercury EDM has been reconsidered in the light of the QCD sum rule calculations, with the result that the coefficients multiplying the first generation quarks could be reduced by a factor 2.5-3 [6] (see ref. [9] ) for a recent discussion). Our study will depend mainly on the strange quark EDM so this uncertainty will not effect our conclusions. We will therefore use the older bound for this study, and comment at the end.
The dominant 1-loop gluino contribution to the EDMs is given by
where
. The current experimental bounds using the parton model for the neutron EDM imply the following constraints on the relevant mass insertions [5] :
where to illustrate we have taken md ≃ 500 GeV and x = 1. The experimental limit on the mercury EDM leads to a stronger bound on the imaginary part of (δ d LR ) 11 and about the same bound on the imaginary part of (δ
As alluded to above, the mass insertion (δ d LR ) 22 is more sensitive to the mixing between the second and the third generation, so the bound on its imaginary part is the relevant one for our analysis. It is remarkable that the bounds obtained on this quantity from the mercury EDM and neutron EDM are almost the same, however, as we emphasized, the computation of the neutron EDM is more model dependent. Therefore in our analysis we will concentrate on the constraint obtained from the mercury EDM.
The explicit dependencies of (δ 
where (δ 
The EDM imposes stringent constraints on the flavour conserving CP phases of the A b and µ terms. It is reasonable therefore to assume that these phases are suppressed, in which case (δ 
Furthermore, (δ d LR ) 22 can also be expressed as
SUSY contributions to the CP asymmetries S φK
and S η ′ K Including the SUSY contribution, the effective Hamiltonian H ∆B=1 eff for these processes can be expressed via the Operator Product Expansion (OPE) as
where λ p = V pb V ⋆ ps , with V pb the unitary CKM matrix elements satisfying λ t + λ u + λ c = 0, and C i ≡ C i (µ b ) are the Wilson coefficients at low energy scale µ b ≃ m b .
As emphasized in refs. [2, 4] , the dominant gluino contributions are due to the QCD penguin diagrams and chromo-magnetic dipole operators. At the first order in MIA, the the gluino contributions to the corresponding Wilson coefficients at the SUSY scale are given by
It is clear that the part proportional to LR mass insertions in Cg 8g which is enhanced by a factor mg/m b would give a dominant contribution. Using the QCD factorization mechanism to evaluate the matrix elements, the decay amplitude of B → φK can be presented in terms of the relevant Wilson coefficients as follows [2] :
where H i (φ) are given in Ref. [2] and the Wilson coefficients C i andC i are defined according to the parametrization of the effective Hamiltonian in Eq.(23)
Therefore, the contributions of the RR and RL terms in R φ have the same sign as the LL and LR ones. For instance, with mq = mg = 500 GeV, one obtains
From this result, it is clear that the largest SUSY effect is provided by the gluino contribution to the chromomagnetic operator which is proportional to (δ Although B → φK and B → η ′ K are very similar processes, the parity of the final states can vary the result. In B → φK the contributions from C i andC i to the decay amplitude are identically the same (with the same sign), whereas in B → η ′ K they have opposite signs. This can be easily understood by noting that
which is due to the invariance of strong interactions under parity transformations, and to the fact that initial and final states have the same parity. However, in the case of the B → η ′ K transition, where the initial and final states have opposite parity, we have
As a result, the signs of the C i andC i in the decay amplitude are different for B → η ′ K, and so the sign of the RR and RL in R η ′ are different from the sign of LL and LR in contrast with the R φ case. Using the same SUSY inputs adopted in Eq. (27), we have
Following the parametrization of the SM and SUSY amplitudes in Ref. [4] , S φK can be written as
, and δ 12 is the strong phase. In order to accommodate the experimental results of S φK and S η ′ K we should have at least one of the following two scenarios [2, 4] : large mixing between the second and the third generations in LL and RR sectors or large mixing between the second and the third generations in LR and RL sectors.
As can be seen from Eq.(31), the deviation of S φ(η ′ )K from sin 2β strongly depends on the size of R φ(η ′ ) . The minimum values of S φK and S η ′ K can be obtained by large 23 should be different, so that the gluino contribution to S φK becomes larger than its contribution to S η ′ K [4] . It is also worth mentioning that, as can be seen from Eq.(31), the effects of LL and RR mixing on S φ(η ′ )K remain limited compared to the effect of LR and RL.
EDM constraints on S φK and S η ′ K
We now come to the main point of this letter, which is that such large values for the magnitudes and the phases of (δ d LL ) 23 and (δ d RR ) 23 may significantly enhance the strange quark EDM thereby overproducing mercury and possibly neutron EDMs. It is interesting to ask therefore whether SUSY is still able to accommodate such large magnitudes and phases, and if so, are they restricted.
As mentioned in the previous section, there are two possible sources of enhancement: the first is the combined effect of (δ the current experimental limit. However, we cannot account for the CP asymmetries S φK and S η ′ K , particularly S η ′ K which has been the subject of recent measurements by the BaBar collaboration. In this class of models with dominant (δ
23 mass insertions, the value of S η ′ K is close to the SM prediction of sin 2β. Therefore if the present S η ′ K result is confirmed, these models will be disfavoured.
In Fig. 2 , we display scattering plots for S φK and S η ′ K versus the ratio of Hg EDM to its experimental limit. We set m 0 = m g = 400 GeV. The other relevant parameters are scanned as follows: |(δ [−π, π] . As can be easily seen from Fig. 2 , within the region of the parameter space where S φK and S ηK fit the experimental data, the Hg EDM exceeds with many order of magnitudes its experimental bound. This imposes severe constraints on this scenario of simultaneous contribution from LL and RR mixing to accommodate both the experimental results of S φK and S ηK . This result is in agreement with that of of Ref. [10] . Returning to the question of the precise numbers in the bound, it is clear from the figures that even if the strange quark contribution to the mercury EDM were reduced by a whole order of magnitude (rather than the factor 2.5-3 reduction implied for the first generation contributions to the Hg-EDM from the sum-rule calculations) this conclusion is unchanged.
Therefore, we may safely conclude that SUSY models with dominant LL and/or RR large mixing between second and third generations will be ruled out if the experimental results of S φK , S ηK are confirmed. SUSY models with dominant LR and/or RL mixing via non-universal A-terms, seem to be the simplest way to account for CP asymmetry S φK and S ηK without conflicting with EDMs or any other experimental results.
Before we conclude, we give a quantitative prediction for the Hg-EDM due to the effect of large (δ d LR ) 23 . As shown in Ref. [2] , in order to accommodate the experimental result of the CP asymmetry |(δ 
